A 71-year-old womanshowed disorientation 7 days after simple mastectomy for right breast cancer. Computed tomography of the brain was normal. The level of serum sodium was very low (110 mEq//), while the urine sodium level was normal. The osmolality of urine was higher (342 mosmol/kg) than that of serum (220 mosmol/kg). These data suggested a syndrome of inappropriate secretion of antidiuretic hormone. A fluid restriction, infusion of hypertonic saline and administration of diuretics gradually increased the level of serum sodium. Subsequently, disorientation disappeared. This is a rare case of the syndromeof inappropriate secretion of antidiuretic hormonecaused by simple mastectomy, a relatively minor surgical procedure. (Internal Medicine 40: 911-914, 2001) 
Introduction
There are several well documentedcauses of the syndrome of inappropriate secretion of antidiuretic hormone (SIADH), such as central nervous system disorders, drugs and malignant neoplasms. In malignant neoplasms, SIADHis most often associated with lung cancer and very rarely with breast cancer which produces and releases antidiuretic hormone (ADH). While the surgical stress of major procedures, such as open heart surgery, may result in SIADHdeveloping in the postoperative period, SIADHafter less invasive procedures is not well documented. Wereport a case of breast cancer causing SIADH after simple mastectomy, a relatively minoroperation.
For editorial comment, See p 851.
Case Report A 7 1-year-old womanwas admitted to our hospital because of a hard tumor with tenderness in her right breast in early April 2000. She had a history of thromboembolism in the right brachial artery due to bradycardia of atrial fibrillation, so a permanent pacemaker was implanted and anticoagulation therapy with warfarin potassium was initiated about two years before the admission. Clinical examination and radiological investigation indicated breast cancer (T2N3MO,stage Illb), so simple mastectomy with axillary lymph node resection was performed on April 28, 2000. Preoperative examinations on April 2 1 revealed that the serum sodium level was 134 mEq//, the serum potassium level was 4.6 mEq// and the renal and hepatic functions were normal (Table 1) .
Anesthesia was induced with 90 mg of propofol and maintained with oxygen 60%in air with sevoflurane 1.0-2.0%. Neuromuscular blockade was achieved with vecuronium. A total of 0.2 mg fentanyl iv was given during the procedure. Neuromuscular blockade was reversed with 2 mg neostigmine and 1 mg atropine sulfate. About 500 ml of Ringer's lactate solution was administered during surgery. Blood loss during operation was 47 g. Over 48 hr postoperatively, about 1 ,500 ml Ringer's lactate solution and 1,500 ml 4.3% glucose solution with 35 mmol NaCl were infused. Fosfomycin sodium (2 g/day), an antibiotic, was administered for 5 days after the operation. Fromthe 2nd postoperative day, the patient began to take a normal diet containing 10 g NaCl, and consumed almost half of it. Blood pressure during and after surgery was 120-160/80-90 mmHg, and hemodynamics was stable. Nonausea was complainedof after surgery. Postoperative pain was controlled with diclofenac sodium suppository (25 mg). The amount of discharges from a drain for two days after surgery was 100 ml. On May 5, the 8th postoperative day, she began to show disorientation, which gradually deteriorated. Computed tomography (CT) of the brain performed on May8 was normal. Therefore, she was referred to our department on May9. Table 2 . Laboratory Data at Presentation to Our Department centration was 64 mEq// with the urine osmolality of 342 mosmol/kg. The serum hematocrit level was 37.8% which was lower than the preoperative level (39.4%). Plasma ADHwas slightly high (4.6 pg/ml, normal range 0.3-4.2 pg/ml). The levels of cortisol and aldosterone in plasma were normal, and plasma renin activity was within normal limits (Table 2) . On the basis of these data, she was suspected of SIADHand treated accordingly.
She was placed on a fluid restriction regime of 750 ml po for 24 hours, and 20 mg furosemide iv and 30 mg azosemide po, both of which are loop diuretics, were given. Furthermore, she was treated with 1,000 ml of hypertonic saline infusion (NaCl 2%) for 24 hours. Total urine volume was 4,000 ml for 24 hours. The serum sodium concentration increased gradually to 123 mEq// on May 9 and reached 128 mEq// on May 12.
Subsequently, disorientation gradually disappeared. The fluid restriction regimeandadministration of azosemidewerecontinued. However,the serum sodium levels decreased again on May 15. Hypertonic saline infusion (NaCl 2%) was resumed on May 16. However, it was not effective enough to increase the serum sodium level. Although we increased the dose of furosemide from 30 mg to 60 mg on May 17, the serum sodium concentration decreased further to 1 18 mEq// on May 18. Westopped the infusion of hypertonic saline and administered furosemide 20 mg iv for four days and then 40 mgpo. The level of serum sodium began to rise again and, by May 29, it reached a normal level, 136 mEq// (Fig. 1) . Thereafter, doses of diuretics were reduced gradually, and administration of diuretics was discontinued in about two weeks, however, the serum sodium level remains normal. Figure 1 . The clinical course of our patient, iv: intravenous,po: per os, NaCl: sodium chloride.
Discussion
SIADHis characterized by hyponatremia with low plasma osmolality and inappropriately high urine osmolality with relative increases in urinary sodium output, there being no evidence of dehydration and renal or adrenal disease. These criteria outlined by Bartter and Schwartz have been an accepted definition for SIADHfor many years ( 1). The patient described here fulfilled these criteria. To our knowledge, several cases of SIADHassociated with breast cancer have previously been reported in the literature (2-5). In two of those cases, ADH-producing tumor induced SIADH(2, 3). In one of those two cases, histopathological investigation with an antibody to ADHclearly demonstrated the production ofADHin the tumor (2). However, there was no evidence of ADHproduction in the tumor in our patient. In other cases, the patients received anti-neoplasmic drugs, which might induce SIADH (4, 5) . Although a number of drugs are known to increase ADHsecretion or potentiate its effect, fosfomycin sodium, which we used for 5 days postoperatively, has never been reported to induce SIADH.In one case of SIADH,reported in Japanese as an abstract, the patient had brain metastasis of breast cancer. Brain metastasis,-whichmay induce the release of ADHfrom neurohypophysis, has been elucidated to be the cause of SIADH. However, CT showed no abnormalities in the brain in the present patient.
Although the surgical stress of major procedures has been shown to be a risk factor for the induction of SIADH(6), SIADH after less invasive procedures is not well documented. To our knowledge, several cases of SIADHafter relatively minor surgeries: appendectomy, testicular exploration, laparoscopic cholecystectomy and cataract extraction (under local anesthesia) have been reported in the literature (7-10). Miller et al reported findings of a large retrospective study of idiopathic hyponatremia in an ambulatory geriatric population which support the hypothesis that aging is a risk factor for the development of SIADH-like hyponatremia in a subset of older patients without any apparent underlying etiology (1 1). Corn forth reported that an elderly patient, with a preoperative serum sodium concentration at the lower end of the normal range, had presented SIADHafter laparoscopic cholecystectomy (9) . They believed it reasonable to recognize that their patient might be within a subset of elderly people at the risk of developing SIADHwithout other risk factors described by Miller et al ( case, the possibility of the restriction having been insufficient cannot be ruled out. This may be substantiated by the fact that when the serum sodium level decreased again on May16, administration of a 2%sodium chloride resulted in no improvement and administration of diuretics waseffective.
In conclusion, SIADHshould be suspected when an elderly patient, especially showing relatively low serum sodium concentrations in the preoperative period, has experienced disorientation in the postoperative period, even if the operation involves a relatively minor procedure.
